Development and evaluation of an electrochemical method for studying reactive phase-I metabolites: correlation to in vitro drug metabolism.
A reactive metabolite may react covalently with proteins or DNA to form adducts that ultimately may lead to a toxic response. Reactive metabolites can be formed via, for example, cytochrome P450-mediated phase 1 reactions, and in this study, we report the development and evaluation of an electrochemical method for generating reactive metabolites. Paracetamol was used as a test compound to develop the method. The stability of the electrochemically generated N-acetyl-p-benzoquinoneimine (NAPQI) from paracetamol was investigated at 37 degrees C at pH 5.0, 7.4, and 9.0. The highest stability of NAPQI was observed at pH 7.4. The reaction rate between NAPQI and glutathione (GSH) was studied with cyclic voltammetry. NAPQI reacted quantitatively with GSH within 130 ms. The reactivity of NAPQI toward other nucleophiles was investigated, and for the reaction with N-acetyltyrosine, a time-dependent formation of a conjugate with N-acetyltyrosine was observed from 0 to 4 min. The applicability of the method was evaluated with compounds that were able to form quinone imines (amodiaquine), quinones (3-tert-butyl-4-hydroxyanisole and p-cresol), imine methides (3-methylindole; trimethoprim), quinone methides (3,5-di-tert-butyl-4-hydroxytoluene), and nitrenium ions (clozapine). The compounds were oxidized in an analytical electrochemical cell, and the formed reactive metabolites were trapped with GSH. The samples were then analyzed by LC-MS and LC-MS/MS. For comparison, all compounds were incubated with GSH in rat and human liver microsomes, and the formation of GSH conjugates was compared with that observed by electrochemical oxidation. Furthermore, the electrochemical method was used to synthesize a GSH conjugate of clozapine, which made it possible to obtain structural information by NMR. In summary, a high degree of similarity was observed between the conjugates identified from electrochemical oxidation and GSH conjugates identified from incubation with liver microsomes. In conclusion, we have developed a method that is useful for studies on reactive metabolites and furthermore can be scaled up for the synthesis of GSH conjugates for NMR.